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(54) EXHAUST EMISSION CONTROL SYSTEM FOR INTERNAL COMBUSTION ENGINES, 

EXHAUST EMISSION CONTROL METHOD AND EXHAUST EMISSION CONTROL CATALYST 



(57) Nitrogen oxides contained in an exhaust gas 
emitted from a lean-burn engine-mounted internal conv 
bustion engines are eliminated with a high efficiency. 

In an exhaust gas purification apparatus and proc- 
ess for eliminating nitrogen oxides contained in a conrv 
bustion exhaust gas emitted from an internal combus- 



tion engine with a reducing gas such as carbon monox- 
ide, hydrocarbons, etc. contained in the exhaust gas in 
the presence of a catalyst, a catalyst comprising all of 
Rh. Pt and Pd. at least one member selected from alkali 
metals and alkaline earth metals, and Mn or its com- 
pound, supported on a porous carrier is used. 
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Description 



Technical Field 



[0001] The present invention relates to an exhausts gas purification apparatus, an exhaust gas purification process 
and an exhaust gas purification catalyst with high elimination efficiency of NOx from NOx-containing exhaust gases 
such as combustion exhaust gases from internal combustion engines such as automobile engines, etc. 



Background Art 

10 

[0002] Lean-burn engines capable of bringing an air/fuel ratio Into a fuel-lean stage have been nowadays regarded 
as promising automobile internal combustion engines from the viewpoint of reduced fuel consumption. However, the 
exhaust gases from such engines are in such an oxidizing atmosphere that the concentration of the exhaust gases 
Is more than a stoichiometric amount necessary for complete combustion of reducing components contained in the 

IS exhaust gases (said atmosphere will be hereinafter referred as "oxidizing atmosphere"). The conventional ternary 
catalysts are directed to efficient purification of NOx. HC and CO in such a reducing atmosphere that the O2 concen- 
tration of the exhaust gases is not more than a stoichiometric amount necessary for complete combustion of reducing 
components contained in the exhaust gases (said atmosphere will be hereinafter referred to as "reducing atmosphere"), 
falling to show a satisfactory NOx elimination activity In the oxidizing atmosphere. Thus, It has been keenly desired to 

20 develop catalysts capable of effectively eliminating NOx. HC and CO. particularly NOx, in the oxidizing atmosphere. 
[0003] For exhaust gas purification directed to the lean-burn engines, W093/07363 and W093/08383 propose to 
provide an NOx absorbent In the exhaust gas passage. The NOx absorbent can absorb NOx from the exhaust gases 
during the fuel-lean combustion and discharge the absorbed Nox when the O2 concentration of the exhaust gases is 
lowered. 

25 [0004] JP-A-8-299793 also proposes to provide a catalyst which comprises an NOx-absorbing component capable 
of absorbing NOx from the exhaust gases during the fuel-lean combustion and an NOx-reducing component capable 
of reducing the absorbed NOx in the exhaust gas passage. 

[0005] With more and more intensified atmospheric regulation of the automobile exhaust gases, much higher NOx 
elimination activity and durability are required for the Nox elimination catalysts directed to the lean-burn engines. The 
30 present invention provides an exhaust gas purification catalyst with distinguished NOx elimination activity and durability, 
particulariy distinguished head resistance and SOx resistance, an exhaust gas purification apparatus and an exhaust 
gas purification process using said catalyst. 



Disclosure of the Invention 

35 

[0006] The present invention is directed to elimination of NOx in a combustion exhaust gas in an oxidizing atmosphere 
emitted from an internal combustion engine with a catalyst comprising a carrier and active components, the active 
components comprising at least one of Rh, Pt and Pd. at least one member selected from alkali metals and alkaline 
earth metals, and Mn. 

40 [0007] One member selected from the alkali metals and alkaline earth metals can serve the desired purpose, but 
two or more members thereof can further improve the activity. It seems that new active sites are formed on the catalyst 
owing to two or more members of these metals supported on the carrier. An amount of supported alkali metals and 
alkaline earth metals is preferably in a range of 0.05 to 3 parts by mole each of the supported metals in terms of metal 
elements on the basis of 1.5 parts by mole of the porous carrier, where "parts by mole" means a proportion of one 

45 component to another In terms of rTW>les; for example. "3 parts by mole of supported component B to 1 .5 parts by mole 
of component A" means that component B is supported in a ratio of component B to component A being 3:1 .5 terms 
of moles, irrespective of the absolute amount of component A. In case the amount of supported alkali metals and 
alkaline earth metals is less than 0.05 parts by mole each, the Improvement of NOx elimination activity is less effective, 
whereas in case of more than 3 parts by mole the specific surface area of the alkali metals and alkaline earth metals 

50 becomes undesirably smaller. 

[0008] The porous carrier may be supported on a substrate, where 0.3 to 4 moles of the porous carrier can supported 
on 1 ^ of the substrate preferably from the viewpoint of NOx elimination activity. In case the amount of supported porous 
carrier Is less than 0.3 moles, the dispersibility of active components becomes poor, whereas in case of more than 4 
moles the specific surface area of the porous carrier itself becomes undesirably smaller. 

55 [0009] Mn is present in the form of metal or an oxide or a composite oxide with Al. etc. and seems to serve to capture 
NOx in the oxidizing atmosphere and further serve to improve the high temperature durability of the catalyst. By Inclusion 
of both of at least one member of the alkali metals and alkaline earth metals and Mn the NOx-capturing effect can be 
further improved. 
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[0010] An amount of supported Mn is preferably in a range of 0.05 to 2 parts by nnole in terms of metal element on 
the basis of 1.5 parts by mole of the porous carrier. In case the amount of supported Mn is less than 0.05 parts by 
mole, the effect is not remarkable, whereas in case of more tan 2 parts by mole the specific surface area of the catalyst 
becomes undesirably smaller 

5 [0011] Rh. Pt and Pd can enhance the elimination activity and high temperature durability. It is most desirable for 
the improvement of the activity and durability to contain all of these noble metals. 

[0012] Amounts of supported noble metals are preferably in ranges of 0.002 to 0.05 parts by mole of Pt, 0.0003 to 
0.01 part by mole of Rh and 0.001 to 0.2 parts by mole of Pd, all in terms of metal elements, on the basis of 1 .5 parts 
by mole of the porous carrier In case the amount of supported noble metals are less than their lower limits the effect 
10 is not remarkable, whereas in case of more than the upper limits the specific surface areas of the noble metals per se 
become smaller without rennarkable effect. 

[0013] When at least one of rare earth metals is supported thereon in addition to the foregoing components, the NOx { 
elimination activity and high temperature durability can be further improved, where it is preferable to contain 0.02 to 
0.5 parts by mole of each in terms of metal elements on the basis of 1 .5 parts by mole of the porous carrier. In case 

15 of less than 0.02 parts by mole, the effect is not remarkable, whereas in case of more than 0.5 parts by mole the specific 
surface area of the catalyst becomes undesirably smaller. Preferable rare earth metals are La, Nd and Ce. 
[0014] By further adding at least one of Ti and Si thereto, the NOx elimination efficiency and also the SOx resistance 
can be further improved. It seems that the effect of Ti and Si on the SOx resistance improvement is due to Ti and Si 
being formed into composite metals together with Mn. alkali metals and alkaline earth metals. By further adding at least 

20 one of Co, Ni and Cu thereto, the NOx elimination activity and the heat resistance can be further improved. Amounts 
of supported Ti, Co, Si, Ni and Cu are preferably in a range of 0.01 to 2 parts by mole of each in terms of metal elements 
on the basis of 1.5 parts by mole of the porous carrier. 
[0015] The present catalyst can further contain at least one of B and P. 

[0016] B and P are present in the form of simple substances or oxides or composite oxides with at least one member 
25 selected from alkali metals and Al, and seem to serve to capture NOx in the oxidizing atmosphere, play a role of 

attracting CO. hydrocarbons, etc. as reducing agents onto the catalyst surface and serve to further improve the heat 

resistance and the SOx resistance of the catalyst. By controlling mixing sequence of B or P or firing temperature, etc. 

during the catalyst preparation, they can be brought into the oxide form or the composite oxide form. 

[0017] An amount of supported B or P is preferably In a range of 0.01 to 2 parts by mole of each in terms of elements 
30 on the basis of 1 .5 parts by mole of the porous carrier In case of less than 0.01 part by mole of supported B or P the 

effect is not remarkable, whereas In case of more than 2 parts by mole the specific surtace area of the catalyst becomes 

undesirably smaller 

[0018] The catalyst can be prepared by any procedure utilizing physical means or chemical reactions such as inrv 
pregnation. kneading, coprecipitation, sol-gel formation, ion exchange, vapor deposition, etc. 
35 [0019] Starting materials for use in the catalyst preparation include various compounds such as nitrate compounds, 
acetate compounds, complex compounds, hydroxides, carbonate compounds, organic compounds etc.. metals and 
metal oxides. 

[0020] For the porous carrier, metal oxides, composite oxides, etc. such as alumina, titania, silica, silica-alumina, 
zirconia, magnesia, etc. can be used, among which alumina is most preferable. The present catalyst can be used upon 
40 coating onto a substrate. Cordierrte is a most suitable substrate, but even a metal such as stainless steel can be used 
as well. 

[0021] The NOx elimination catalyst can be used in any form, for example, honeycomb form, pellet form, plate form, 
granule form, powder form, etc., among which the honeycomb form Is most preferable. 

[0022] The present catalyst has an effect of eliminating NOx contained in the exhaust gases emitted from internal 
45 combustion engines during the lean-burn operation with high elimination efficiency. The NOx elimination effect of the 
present catalyst seems due to an action of capturing NOx contained in the lean-burn exhaust gas on the catalyst 
surface, thereby eliminating NOx from the exhaust gas and an action of reducing the captured NOx, thereby eliminating 
it. Capturing of NOx seems to be effected by absorption, chemisorption, etc. 

[0023] The exhaust gas during the lean-burn operation contain oxygen at a higher concentration than the stoichio- 
50 metric amount necessary for complete combustion of reducing components (HC and CO) in the exhaust gas and thus 
Is in an oxidizing atmosphere. The exhaust gas in an oxidizing atmosphere will be hereinafter referred to as "lean 
exhaust gas " or "air/fuel ratio-lean exhaust gas". An exhaust gas emitted from intemal combustion engines upon 
combustion in a theoretical air/fuel ratio will be hereinafter refenred to as "stoichiometric exhaust gas" or "air/fuel ratio- 
stoichiometric exhaust gas". An exhaust gas emitted from internal combustion engines operated in fuel excess over 
the theoretical air/fuel ratio contains oxygen at a lower concentration than the stoichiometric amount necessary for 
complete combustion of the reducing components contained in the exhaust gas and thus is in a reducing atmosphere. 
The exhaust gas in a reducing atmosphere will be hereinafter referred to as "rich exhaust gas" or "air/fuel ratio-rich 
exhaust gas". 
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ron^n q. . L memorizing a large number of control programs a timer/counter etr 

gas purification s^rn The eSl^^^^^^^ ourifl l.on ^"f --"ustion exhaust gas is led to the exhaust 

which eliminates NOx HCandCoTn thf P""^ ^V^*^"^ P^°^'ded by the exhaust gas purification catalyst 10. 
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[Example 1] 



[0035] A cordierlte honeycomb (400 cells/inc^) was coated with a slurry prepared from alumina powder and alumina 
precursor and made acidic by nitric acid, dried and fired to obtain an alumina coat honeycomb as coated with 1 .5 moles 

5 of alumina per 1 € of the apparent honeycomb volume. The alumina coat honeycomb was impregnated with a mixed 
solution of dinitrodiamine Pt nitric acid solution and Rh nitrate solution, dried at 200''C and then frred at 600^0. Then, 
the supported Pt and Rh-contained honeycomb was impregnated with a mixed solution of Na nitrate solution, Mn nitrate 
solution and Pd nitrate solution, dried at 200°C and then fired at 600°C. Thus, Example catalyst 1 containing 0.0022 
parts by mole of Rh, 0.014 parts by mole of Pt, 0.8 parts by mole of Na, 0.2 parts by nnole of Mn and 0.014 parts by 

10 mole of Pd in terms of metal elements on the basis of 1 .5 parts by mole of alumina was prepared. The catalyst will be 
hereinafter expressed as 0.8 NaMnPd-RhPt/Al203. Likewise, Example Catalysts 2 to 9. which contained 0.8 parts by 
mole each of Li, K, Rb, Cs, Mg, Ca, Sr and Ba, respectively, as supported in place of Na. while changing the amounts 
of supported Mn, Pd, Rh and Pt, and Example Catalysts 10 to 41 containing at least two members of alkali metals and 
alkaline earth metals without changing the amounts of supported Mn, Pd, Rh and R were prepared. In the same manner 

15 as for Example Catalyst 1 , Comparative Example Catalysts 1 to 9 containing 0.0022 parts by mole of Rh, 0.014 parts 
by mole of Pt, 0.014 parts by mole of Pd and 0.8 parts by mole of each of Na, Li, K, Rb, Cs, Mg, Ca, Sr and Ba in terms 
of metal elements respectively, as supported on the basis of 1.5 parts by mole of alumina, without containing Mn, and 
likewise Comparative Example Catalysts 10 to 14 containing at least two members of alkali metals and alkaline earth 
metals without containing Mn and without changing the amounts of supported Pd, Rh and R. were prepared as Conn- 

20 parative Example Catalysts. 

{Test Example 1] 

(Test Procedure) 



[0036] The foregoing catalysts were subjected to an NOx elimination test under the following conditions. 
[0037] 6 cc of the honeycomb catalyst was set into a quartz glass reactor tube. The reactor tube was inserted into 
an electric furnace and heat controlled so that the gas introduced into the reactor tube could be set to temperatures 
of SOO^'C. 400°C and SOO^'C. The following gases were introduced into the reactor tube: a model gas, i.e. an assumed 

30 exhaust gas as would be emitted from an automobile engine operated in the theoretical air/fuel ratio (which will be 
hereinafter referred to as "stoichiometric model gas") and a model gas. i.e. an assumed exhaust gas as would be 
emitted from a lean-burn operated automobile engine (which will be hereinafter referred to as "lean model gas"), where 
these two model gases were introduced into the reactor tube upon switching from one to another at every 3 minutes. 
The stoichiometric model gas had such a composition as NOx: 1 ,000 ppm, CaHg: 600 ppm, CO: 0.6%, CO2: 12%. O2 : 

35 0.5%, 0.3%, H20: 1 0%. and N2: the balance. The lean model gas had such a composition as NOx: 600 ppm, C^Hq: 
500 ppm, CO: 0.1%, CO2: 10%, O2: 5%. H2O: 107o and Nj: the balance. NOx concentration was measured at the inlet 
to and the outlet from the catalyst, and NOx elimination efficiency one minute after switching to the lean model gas 
was calculated according to the following equation: 



NOx elimination efficiency (%) = (NOx concentration of inlet gas - NOx concentration of outlet gas) NOx 
concentration of inlet gas x 100 

45 [0038] Test for determining the NOx elimination efficiency as mentioned above will be referred to as Test Example 1 . 



[0039] Test results of Example Catalysts 1 to 41 and Comparative Catalysts 1 to 14 according to Test Example 1 are 
50 shown in Table 1 . In the fuel-rich burn operation, all the catalysts constantly had an NOx elimination efficiency of 90% 
or more at 300**C and 100% at 400*C, showing the satisfactory ternary catalyst activity. In case of the present catalysts, 
the NOx elimination efficiency was not changed during both of the lean-burn operation and the stoichiometric burn 
operation even after a plurality of switched operations. The HC and CO elimination efficiency during the lean-burn 
operation was 90% or more. Example Catalyst containing at least one member of alkali metals and alkaline earth 
55 metals, and all of Mn and Rh. Pt and Pd had evidently higher NOx elimination efficiencies than those of Comparative 
Example Catalysts. 



25 



40 



(Test Results) 
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Table 1 





Catalyst 




NOx elimination efficiency (%) 


5 






300®C 


400® C 






Example 
Catalyst 1 


0.8NaMnPd.RhPt/Al2O3 


88 


92 


87 


10 


Example 
Catalyst 2 


0.8LiMnPd-RhPt/Al2O3 


86 


88 


71 




Example 
Catalyst 3 


0.8KMnPd-RhPt/Al2O3 


82 


96 


91 


15 


Example 
Catalyst 4 


0.8RbMnPd-RhPt/Al2O3 


87 


97 


94 




Example 
Catalyst 5 


0.8CsMnPd.RhPt/Al2O3 


83 


99 


95 


20 


Example 
Catalyst 6 


0.8MgMnPd-RhPt/Al2O3 


71 


85 


63 




Example 
Catalyst 7 


0.8CaMnPd-RhPt/Al2O3 


82 


93 


75 


25 


Example 
Catalyst 8 


0.8SrMnPd-RhPt/Al2O3 


82 


92 


80 




Example 
Catalyst 9 


0.8BaMnPd-RhPt/Al2O3 


73 


71 


54 


30 


Example 
Catalyst 10 


0.2Li0.6NaMnPd-RhPt/Al2O3 


82 


91 


73 


Example 
Catalyst 11 


0.4Li0.4KMnPd-RhPt/Al2O3 


85 


94 


92 




Example 
Catalyst 12 


0.4Li0.4RbMnPd-RhPt/Al2O3 


75 


77 


69 


35 


Example 
Catalyst 13 


0.4Li0.4CsMnPd-RhPt/Al2O3 


85 


93 


91 


40 


Example 
Catalyst 14 


0.6Li0.1MgMnPd-RhPt/Al2O3 


72 


61 


50 


Example 
Catalyst 15 


0.4Li0.4CaMnPd-RhPt/Al2O3 


75 


91 


77 




Example 
Catalyst 16 


0.4LI0.4SrMnPd-RhPt/Al2O3 


84 


90 


75 


45 


Example 
Catalyst 17 


0.4Li0.4BaMnPd-RhPt/Al2O3 


72 


70 


55 




Example 
Catalyst 18 


0.8Na0.6KMnPd-RhPt/Al2O3 


91 


90 


93 


50 


Example 
Catalyst 19 


0.8Na0.4RbMnPd-RhPt/Al2O3 


85 


80 


81 




Example 
Catalyst 20 


0.8Na0.4CsMnPd-RhPt/Al2O3 


86 


90 


85 


55 


Example 
Catalyst 21 


0.8Na0.75MgMnPd-RhPt/Al2O3 


92 


99 


94 
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Table 1 (continued) , 





Catalyst 




NOx elimination efficiency (%) 


5 






300*C 


400<>C 


500*»C 


Example 
Catalyst 22 


0.8Na0.4CaMnPd-RhPt/Al2O3 


80 


90 


71 


10 


Example 
Catalyst 23 


0.4Na0.2SrMnPd-RhPt/Al2O3 


89 


87 


81 


Example 
Catalyst 24 


0.4K0.2CsMnPd-RhPt/Al2O3 


95 


98 


85 




Example 
Catalyst 25 


0,4K0.4RbMnPd-RhPt/Al2O3 


81 


85 


73 


15 


Example 
Catalyst 26 


0.4K0.4CaMnPd-RhPt/Al2O3 


80 


80 


63 




Example 
Catalyst 27 


0.6K0.4SrMnPd-RhPt/Al2O3 


82 


86 


75 


20 


Example 
Catalyst 28 


0.6K0.4BaMnPd-RhPt/Al2O3 


80 


76 


77 




Example 
Catalyst 29 


0.3Cs0.1MgMnPd-RhPt/Al2O3 


85 


90 


85 


25 


Example 
Catalyst 30 


0.3Cs0.2CaMnPd-RhPt/Al2O3 


82 


85 


80 




Example 
Catalyst 31 


0.3Cs0.4SrMnPd-RhPt/Al2O3 


86 


88 


75 


30 


Example 
Catalyst 32 


0.3Cs0.4BaMnPd-RhPt/Al2O3 


73 


85 


80 




Example 

Catalyst 33 


0.4Sr0.1MgMnPd-RhPt/Al2O3 


88 


90 


82 


35 


Example 
Catalyst 34 


0.4Sr0.4CaMnPd-RhPt/Al2O3 


81 


85 


78 




Example 

Catalyst 35 


0.4Sr0.4BaMnPd-RhPt/Al2O3 


71 


82 


77 


40 


Example 
Catalyst 36 


0.4LI1 .2Na0.6KMnPd-RhPtyAl2O3 


98 


99 


91 




Example 
Catalyst 37 


0.8Na0.2Ca0.1MgMnPd-RhPt/Al2O3 


80 


87 


75 


45 


Example 
Catalyst 38 


0.4Na0.15Sr0.1MgMnPd-RhPt/Al2O3 


83 


88 


78 




Example 
Catalyst 39 


0.4Na0.15Sr0.2CaMnPd-RhPt/Al2O3 


76 


80 


70 


50 


Example 
Catalyst 40 


0.4Li0.4K0.2SrMnPd-RhPt/Al2O3 


88 


93 


90 




Example 
Catalyst 41 


Q.4Li0.4Na0.4K0.2CsMnPd-RhPt/Al2O3 


95 


98 


95 


55 


Comp. Ex. 
Catalyst 1 


0.8NaPd-RhPt/Al2O3 


67 


63 


35 
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10 



15 



20 



25 



30 



35 



40 



45 



(Test procedure) 

[0040] E 

were fired 



Catalyst 


laoie 1 (ConfiniiAH^ 


NOx el 
300°C 


imination e 
400''C 


fficiency (%) 


Comp. Ex. 
Catalyst 2 

Comp. Ex. 


0.8LIPd-RhPt/Al2O3 " 


68 


51 


500°C 
35 


Catalyst 3 
Comp. Ex. 


0.8KPd-RhPt/Al2O3 


58 


57 


1 


Catalyst 4 
Comp. Ex. 


a8RbPd-RhPt/Al203 


40 


59 


1 47 


Catalyst 5 
Comp. Ex. 


aSCsPd-RhPt/AI^Oa 


1 35 




1 50 


Catalyst 6 


O.SMgPd-RhPt/AI^Oa ' 


I 50 


38 


1 O'i 


Comp. Ex. 
Catalyst 7 

Comp. Ex. 


0.8CaPd-RhPt/Al2O3 


1 58 


52 


1 9ft 


Catalyst 8 


0.8SrPd-RhPt/Al2O3 


51 


57 


00 


Comp. Ex. 
Catalyst 9 ( 


0.8BaPd-RhPt/Al2O3 j 


57 


51 1 


oZ 


Comp. Ex. j 
Catalyst 10 | 

Comp. Ex. 


0.8Na0.1MgPd.RhPt/Al2O3 ' f 


62 


60 1 


40 


Catalyst 11 1 
Comn Pv i 


0.4Sr0.4BaPd-RhPt/Al2O3 f 


49 


61 r 


29 


Catalyst 12 j 
Comp. Ex. 


0.6K0.4BaPd-RhPt/Al2O3 T 


55 


53 


30 


Catalyst 13 

Comp. Ex. n 


0.8Na0.2Ca0.1MgPd-RhPt/Al2O3 "f 


51 


55 


40 


Catalyst 14 ( 
iDle P] 


MNa0.15Sr0.2CaPd-RhPt/Al2O3 f" 


54 


49 


36 



50 



55 



10040] Example Catalyst 1.3. 8, 11 18 21 -^a q« . 
[0041] Test results are shown in TablP 9 tk 



""nafahU* " " ' " ^^^^ ^ 






j NOx elirr 

1 300^C 


•nation effi( 


liency (%) 


Example 
Catalyst 1 

Example 


0.8NaMnPd-RhPt/Al2O3 


73 


400°C 
85 


500°C 
73 


Catalyst 3 


0.8KMnPd-RhPt/Al2O3 


75 


80 


70 



8 
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Table 2 (continued) 





Catalyst 




NOx elimination efficiency (%) 








300*C 


400*C 


SOO^'C 


5 


Example 
Catalyst 8 


0.8SrMnPcl-RhPt/Al2O3 


78 


80 


69 




Example 
Catalyst 11 


0.4Li0.4KMnPd-RhPt/Al2O3 


80 


85 


84 


10 


Example 
Catalyst 18 


0.8Na0.6KMnPd-RhPt/Al2O3 


79 


82 


87 




Example 
Catalyst 21 


0.8Na0.075MgMnPd-RhPt/Al2O3 


88 


91 


89 


15 


Example 
Catalyst 33 


0.4Sr0.1MgMnPd-RhPt/Al2O3 


72 


79 


69 




Example 
Catalyst 36 


0.4U1 .2Na0.6KMnPd-RhPt/Al2O3 


83 


93 


88 


20 


Example 
Catalyst 38 


0.4Na0.15Sr0.1MgMnPd-RhPt/Al2O3 


75 


81 


72 




Example 
Catalyst 40 


0.4Li0.4K0.2SrMnPd-RhPt/Al2O3 


80 


76 


69 


25 


Comp. Ex. 
Catalyst 1 


0.8NaPd-RhPt/Al2O3 


41 


40 


15 




Comp. Ex. 
Catalyst 2 


0.8LiPd-RhPt/Al2O3 


35 


39 


21 


30 


Comp. Ex. 
Catalyst 3 


0.8KPd-RhPt/Al2O3 


45 


48 


35 




Comp. Ex. 
Catalyst 4 


0.8RbPd-RhPt/Al2O3 


33 


49 


34 


35 


Comp. Ex. 
Catalyst 5 


0.8CsPd-RhPt/Al2O3 


35 


33 


21 




Comp. Ex. 
Catalyst 11 


0.4Sr0.4BaPd-RhPt/Al2O3 


24 


40 


22 


40 


Comp. Ex. 
Catalyst 13 


0.8Na0.2Ca0.1 MgPd-RhPt/Al203 


38 


40 


31 



[Example 2] 



45 [0042] In the same manner as in Example 1 , Example Catalysts 42 to 47 were prepared by adding Cu. Co or Ni to 
Example Catalysts 21 and 36, respectively, and evaluated according to Test Example 1. Amounts of supported cu, Co 
and Ni were 0.1 part by mole each in terms of metal elements on the basis of 1.5 parts by mole of alumina. 

(Test Results) 

50 

[0043] Test results are shown in Table 3. Example Catalysts containing Co, Ni or Cu had higher activities than those 
of Comparative Example Catalysts 1 to 14 shown in Table 1, 



55 



9 



10 



15 




Example Ca talyst 46 
Example Catatyst 47 



LINaKMnPd-RhPf0.1Co/Al2O3 
LiNaKMnPd-RhPtO. 1 UmzO^ 



86 



84 



96 



94 



99 



93 



20 



25 



[Bxample 3] 

S£HS~SS— ^^^^^^^^ 

[Test Example 3] 
(Test Procedure) 



[0045J In Test Example 1, only an SO «hh a . 
3Q (Test Results) 



35 



40 



45 



50 



55 



r— — Table 4 






NOx ellr 
300°C 


nination eff 
400*»C 


iciency {%) 


Example 
Catalyst 48 

Example 


NaMgMnPd0.1Ti-RhPt/Al2O3 


61 


68 


SOO^'C 
58 


Catalyst 49 
Example 


NaMgMnPd0.1Si-RhPt/Al2O3 " 


59 


62 


55 


Catalyst 50 
Example 


LiNaKMnPd0.lTi-RhPt/Al2O3 


70 


75 


71 


Catalyst 51 
Comp. Ex. 


LrNaKMnPdO. 1 Si-RhPt/Al203 


65 


70 


58 


Catalyst 1 


0.8NaPd-RhPt/Al2O3 


28 


32 


15 


Comp. Ex. 
Catalyst 3 


0.8KPd-RhPt/Al2O3 


20 


24 


32 



[Example 4] 



10 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 
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by mole of alumina. Test was the same as in Test Example 2. 
(Test Results) 

[0048] NOx elimination efficiencies determined according to Test Example 2 are shown in Table 5. Example Catalysts 
52 to 60 had evidently higher NOx elimination efficiencies than those of Comparative Example Catalysts shown in 
Table 2 and had good high temperature durabilities. 

Table 5 



Catalyst 


NOx elimination efficiency {%) 


aocc 


4G0''C 


500*>C 


Example 
Catalyst 52 


LiNaKMnPd-RhPt-0.2Ce/AUO^ 


88 


95 


91 


Example 
Catalyst 53 


LiNaKMnPd-RhR-0.2La/Al2O3 


83 


96 


89 


Example 
Catalyst 54 


LiNaKMnPd-RhPt-0.2Nd/Al2O3 


85 


93 


90 


Example 
Catalyst 55 


NaMgMnPdTi-RhPt-0.2Ce/Al2O3 


93 


95 


85 


Example 
Catalyst 56 


NaMgMnPdTi-RhPt-0.2La/Al2O3 


88 


92 


87 


Example 
Catalyst 57 


NaMgMnPdTi-RhPt-0.2Nd/Al2O3 


90 


91 


91 


Example 
Catalyst 58 


LiNaKMnPdTi-RhPt-0.2Ce/Al2O3 


95 


97 


94 


Example 
Catalyst 59 


LiNaKMnPdTi-RhPt-0.2La/Al2O3 


82 


91 


91 


Example 
Catalyst 60 


LiNaKMnPdTi-RhPt-0.2Nd/Al2O3 


80 


91 


80 



[Example 5] 

[0049] In the same manner as in Example 1 , Example Catalysts 61 to 66 were prepared by omitting one of the noble 
metals from Example Catalysts 52 and 58. Test was the same as in Test Example 2. 

(Test Results) 

[0050] NOx elimination efficiencies determined according to Test Example 2 are shown in Table 6. Example Catalysts 
61 to 66 had evidently higher NOx elimination efficiencies than those of Comparative Example catalysts shown in Table 
2 and had good high temperature durabilities. 

Table 6 



Catalyst 


NOx elimination efficiency (%) 


300«»C 


400*»C 


500°C 


Example 
Catalyst 61 


LiNaKMnPd-Pt-Ce/Al203 


79 


86 


73 


Example 
Catalyst 62 


LiNaKMnPd-RhCe/Al203 


73 


86 


77 


Example 
Catalyst 63 


LINaKMn-RhPt-Ce/Al203 


70 


86 


80 



11 
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10 



r^i:;:Zl Ifbleejcontlnued) 






1 NOxelimlnatfon effi 


ciency (%) 


Example 
Catalyst 64 


LINaKMnPd7i.Pt-ce/Al2o7^ 


86 


' 90 


500*»C 
78 


Example 
Catalyst 65 

Example , 




89 


r 90 


80 


catalyst 66 1 




79 


91 


83 1 



15 



20 



25 



30 



35 



40 



[Example 6] 

Sat 1st' oneVfTanrBTnT ^'''"P'^ ^-'"P'e Catalysts 67 to 7, 
(Test Results) 



Catalyst 



Table 7 



Example 
Catalyst 67 



Example 
Catalyst 68 



Example 
Catalyst 69 



Example 
Catalyst 70 

Example 



Example 
Catalyst 72 



45 



50 



55 



[Example 7] 

(Test Results) ''^^ ^^'"e as in Test Example 1 . 



12 
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Table 8 



5 


Catalysts 


NOx elimination efficiency 
{%). 400°C 


Catalysts 


NOx elimination efficiency 
(%). 400°C 




LiKPdThRhPt/AlzOa 


73 


LINaKPd-RhPt/Al203 


70 




LiK0.02MnPdTi-RhPt/ 
AI2O3 


75 


LiNaK0.02MnPd-RhPt/ 
AI2O3 


75 


10 


LiK0.05MnPdTi-RhPt/ 
AI2O3 


83 


LINaK0.05MnPd-RhPt/ 
AI2O3 


82 




LiK0.2MnPdThRhPt/Al2O3 


92 


LiNaK0.2MnPd-RhPt/ 
AI2O3 


99 


15 


t l\Cn ^MnPHTi PhPt/AI O 

Lii\i/.*nvinna 1 i-r\nri//\i2^3 


90 


1 iK.I«;tl^n AtkAr%.DM DUC34/ 

LiiNai\u.4Mnr'a-Knp'i/ 

AI2O3 


99 




1 ik'l ^(VilnPHTi-PhPf/AI Ci 


yu 


LINai\l .4MnKCjKnrVAl2 

03 


93 


20 


t il^OMnPrlTl_DKP4#AI r\ 

LirvcivinnQ 1 i-r\nKi/Ai2\-'3 


0/. 


LiNaK2lvlnPa-KnPt/Ai203 


86 


LiK3MnPdTi-RhPt/Al203 


68 


LiNaK3MnPd-RhPt/Al203 


71 




SrMgPdTi-RhPt/Al203 


69 


MaMgPdTi-RhPt/AljOa 


71 


25 


SrMg0.02MnPdTi-RhPt/ 
AI2O3 


75 


NaMg0.02MnPdTI-RhPt/ 

AI2O3 


73 




SrMg0.05MnPdTi-RhPt/ 
AI2O3 


81 


NaMgO.OSMnPdTi-RhPt/ 

AI203 


81 


30 


SrMg0.2MnPdTi-RhPt/ 
AI2O3 


85 


NaMg0.2MnPdTi-RhPt/ 
AI2O3 


96 




SrMg0.4MnPdTi-RhPt/ 
AI2O3 


93 


NaMg0.4MnPdTi-RhPt/ 
AI2O3 


93 


35 


SrMg1.4MnPdTi-RhPt/ 

AI2O3 


88 


NaMg1.4MnPdTi-RhPt/ 
AI2O3 


88 




SrMg2MnPdTi-RhPt/Al203 


83 


NaMg2MnPdTi-RhPt/ 
AI2O3 


83 


40 


SrMg3MnPdTi-RhPt/Al203 


62 


NaMg3MnPdTi-RhPt/ 
AI2O3 


65 



[Example 8] 



[0055] In the same manner as In Example 1, catalysts containing 0.1 part by mole of Ti In terms of metal element 
on the basis of 1 .5 parts by mole of alumina were prepared by adding Ti to Example Catalysts 11 and 33, and catalysts 
whose K and Sr contents were further changed in the prepared catalysts and catalysts whose K and Na contents were 
changed in Example Catalysts 36 and 48 were also prepared. Test was the same as in Test Example 1 . 

(Test Results) 

[0056] NOx elimination efficiencies determined at 400**C according to Test Example 1 are shown in Table 9. The 
catalysts having K, Sr and Na contents of 0.05 to 3 parts by mole each had higher NOx elimination efficiencies than 
80% at 400°C. showing good NOx elimination efficiencies. 
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10 



15 



20 



25 



30 



35 



LiO.02KMnPdTi.RhPt/ 
AI2O3 

LiO.05KMnPdT/.RhPt/ 

L»0.4KMnPdrhRhPt/Al2O3 

Li1.5KMnPdThRhPt/Al203 

Li2.2KMnPdTf-RhPt/Al203 

Li3KMnPdr»-RhPt/Al203 

Li4KMnPdTi-RhPt/Al203 

0.02SrMgMnPdT»-RhPt/ 
A/2O3 

0.05SrMgMnPdTi-RhPt/ 

AI2O3 

0.4SrMgMnPdTj-RhPt/ 
Af203 

0.6SrMgMnPdTi«RhPt/ 
AI2O3 

1.5SrMgMnPdTi-RhPt/ 
Af203 



3SrMgMnPdTi-RhPt/Al203 

4SrMgMnPdTI-RhPt/Al203 



NOxenmination efficiency 
(%). 400X 



Table 9 



LiNaO.02KMnPd.RhPt/ 
AI2O3 

LiNa0.05KMnPd-RhPt/ 

AI2O3 

LiNaO.4KMnPd.RhPt/ 
AI2O3 

LiNa0.6KMnPd-RhPt/ 
AI203 



69 
"73" 



81 



85 



88 



83 
IT 



LiNa1.5KMnPd-RhPt/ 
Ai203 

LiNa3KMnPd-RhPt/Al203 

LiNa4KMnPd-RhPt/Al203 

0.02NaMgMnPdTi.RhPt/ 
AI2O3 

0.05NaMgMnPdTi.RhPt/ 
AI2O3 

O.SNaMgMnPdTi-RhPt/ 
AI2O3 

0.8NaMgMnPdTi-RhPt/ 
AI2O3 



2NaMgMnPdTi-RhPt/ 
AI2O3 



3NaMgMnPdTi.RhPt/ 
AI2O3 

4NaMgMnPdTi-RhPt/ 
AI2O3 



40 



45 



NOx elimination efficiency 
(%). 400OC 



90 



50 



55 



[Example 9] 

Siti2lI;errpTep^;"TesTjL?K''"'''" '^'^'^'^ ^'hose Rh P, and ph 

P ed. Tes. was ,he same as in Tes. Example I.' ' -ere changed in Example 

(rest Results) 



Catalysts 



NaMgMnO.OOIPdTi- 
0.0003Rh0.001Pt/Al2O3 



NOx elimination efficiency 
(%). 400«C 



Table 10 



60 



Catalysts 



NaMgMn0.0l4PdTi- 
0.0003Rh0.00lPt/A(2O3 



NOx elimination efficiency 
(%). 400OC 



76 



14 
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Table 10 (continued) 





Catalysts 


NOx elimination efficiency 
(%), 400°C 


Catalysts 


NOx elinnination efficiency 
(%). 400''C 


5 


NaMgMnO.OOIPdTh 
O.OIRhO.OOIPt/AljOg 


68 


NaMgMn0.014PdTi- 
0.01Rh0.001Pt/Al2O3 


74 












10 


NaMgMnO.OOIPdTh 
0.0001 Rh0.002Pt/Al2O3 


62 


NaMgMn0.014PdTi- 
0.0001 Rh0.002Pt/Al2O3 


73 




NaMgMnO.OOIPdTh 
0.0003Rh0.002Pt/Al2O3 


84 


NaMgMn0.014PdTh 
0.0003Rh0.002Pt/Al2O3 


83 


15 


NaMgMnO.OOIPdti- 
0.0022Rh0.002Pt/Al2O3 


90 


NaMgMn0.014PdTi- 
0.0022Rh0.002Pt/Al2O3 


92 




NaMgMnO.OOIPdTi- 
0.01Rh0.002Pt/Al2O3 


81 


NaMgMn0.014PdTi- 
0.01Rh0.002Pt/Al2O3 


84 


20 


NaMgMnO.OOIPdTi- 
0.02Rh0.002Pt/Al2O3 


73 


NaMgMn0.014Pdti- 
0.02Rh0.002Pt/Al2O3 


76 














NaMgMnO.OOIPdTi- 
0.0003Rh0.014Pt/Al2O3 


85 


NaMgMn0.014PdTi- 
0.0003Rh0.014Pt/Al2O3 


86 


25 


NaMgMnO.OOIPdTI- 
0.0022Rh0.014PtyAl2O3 


95 


NaMgMn0.014PdTi- 
0.0022Rh0.014PtyAl2O3 


96 




NaMgMnO.OOIPdTi- 
0.01Rh0.014Pt/Al2O3 


84 


NaMgMn0.014PdTi- 
0.01Rh0.014Pt/Al2O3 


87 


30 












aMgMnO.OOIPdTi- 
0.0001 Rh0.05Pt/Al2O3 


75 


NaMgMn0.014PdTi- 
0.0001 Rh0.05Pt/Al2O3 


75 


35 


IslaMgMnO.OOIPdTi- 
0.0003Rh0.05Pt/Al2O3 


81 


NaMgMn0.014PdTi- 
0.0003Rh0.05Pt/Al2O3 


82 




NaMgMnO.OOIPdTi- 
0.0022Rh0.05Pt/Al2O3 


88 


NaMgMn0.014PdTi- 
0.0022Rh0.05Pt/Al2O3 


95 


40 


NaMgMnO.OOIPdTi- 
0.01Rh0.05Pt/Al2O3 


84 


NaMgMn0.014PdTl- 
O.OIRhO.OSPt/AlgOa 


88 




NaMgMnO.OOIPdTi- 
0.02Rh0.05Pt/Al2O3 


75 


NaMgMnO.OUPdTi- 
0.02Rh0.05Pt/Al2O3 


75 












45 


NaMgMnO.OOIPdTi- 

0.0003Rh0.07PtyAl2O3 


72 


NaMgMnO.OMPdTI- 
0.0003Rh0.07Pl/Al2O3 


73 




NaMgMnO.OOIPdTi- 
0.01Rh0.07Pt/Al2O3 


73 


NaMgMn0.014PdTi- 
0.01Rh0.07Pt/Al2O3 


71 


50 












NaMgMn0.2PdTi- 
0.0003Rh0.001 Pt/Al203 


63 


NaMgMn0.2PdTi- 
0.0001 Rh0.05Pt/Al2O3 


74 


55 


NaMgMn0.2PdTi- 
0.01Rh0.001Pt/Al2O3 


66 


NaMgMn0.2PdTi- 
0.0003Rh0.05Pt/Al2O3 


82 








NaMgMn0.2PdTI- 
0.0022 Rh0.05Pt/A!2O3 


88 
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Catalysts 



NaMgMn0.2PdTi- 
0.0001 Rh0.002Pt/Al2O3 



NaMgMn0.2PdTi- 
0.0003Rh0.002Pt/Al2O3 



NaMgMn0.2PdTi- 
0.0022Rh0.002Pt/A(2O3 



Table 10 

NOxef/mination efficiency 
(%). 400*»C 

68 



81 



(continued) 



90 



Catalysts 

NaMgMn0.2PdTi- 
0.01Rh0.05Pt/Al2O3 

NaMgMn0.2PdTI- 
0.02Rh0.05Pt/Al2O3 



NOx elimination efficiency 
J%). 400»C 



77 



NaMgMn0.2PdTi- 
a01Rh0.002Pt/A|^O^ 



NaMgMn0.2PdTi- 
0.02Rh0.002Pt/Al2O3 



71 



NaMgMn0.2PdTi- 
0.0003Rh0.014Pt/Al2O3 



NaMgMn0.2PdTi- 
0.0003Rh0.07Pt/Al2O3 

NaMgMn0.2PdTi- 
0.01Rh0.07Pt/Al2O3 



76 



78 



NaMgMn0.2PdTi- 
0.0022Rh0.014Pt/Al2O3 



NaMgMn0.2PdTi- 
0.01Rh0.014 Pt/AloO, 

[Example 10J 



87 



NaMgMnO.OOOSPdTi- 
0.0022Rh0.014Pt/Al2O3 

NaMgMn0.3PdTi- 
^0^0022Rh^^ 



70 



71 



30 



35 



40 



(Test Results) ^'"^ as in Test Example 2. ^ '^'^'^ 



Catalysts 



45 



50 



LiNaKMnPd-RhPt-O.OICe/ 

LiNaKMnPd-RhPt.0.02Ce/ 
AI2O3 

LiNaKMnPd-RhPt-O 2Ce/ 
AI2O3 

LiNaKMnPd-RhPt-O 5Ce/ 
AI2O3 



NOx elimination efficiency 
{%), 400»C 

75 



Table 11 



Catalysts 



82 



NaMgMnPdTi^RhPt- 
0.01Ce/Al2O3 



95 



91 



NaMgMnPdTi-RhPt- 
0.02Ce/Al2O3 

NaMgMnPdTi-RhPt- 
0.2Ce/Af2O3 



55 



LiNaKMnPd-RhPt-0 8Ca/ 

A'203 

LiNaKMnPd-RhPt-O.OILa/ 
AI2O3 



73 



75 



NaMgMnPdTi-RhPt- 
0.5Ce/Al2O3 

NaMgMnPdTi-RhPt- 

0.8Ce/Af2O3 

NaMgMnPdTi-RhPt- 
0.0lLa/Al2O3 



NOx elimination efficiency 
(%). 400OC 

76 



87 



95 



94 



16 
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Table 11 { 


continued) 






NOx elimin3tion efficiency 
(%), 400'C 


Catalysts 


NOx elimination efficiency 
{%). 400°C 


5 


1 iKIot^MnPrl RhPf O H^l a/ 

LI IN a fxivi n -r\ n r i-u . Uii La/ 
AI2O3 


oo 


NaMgMnPdTi-RhPt- 
0.02La/AUO3 


85 




L HN a i\ ivi n -r% n r i-u . ^ La/ 

AI2O3 




NaMgMnPdTI-RhPt- 
0.2La/AUOo 


92 


10 


L 1 pia r\ ivi n r^u-r\ n " i-u . OL a/ 

AI2O3 


OO 


NaMgMnPdTi-RhPt- 
O.SLa/AUOa 


82 




LiiNdrvivirir^a-rAnr^i-w.oLa/ 

AI2O3 


7A 


NaMgMnPdTI-RhPt- 
0.8La/AUO, 


63 


15 


1 iNlak^MnPH-RhPun ni WH/ 

LIINalxlVIIIr U~r\Ilr l~L/.v/ 1 INU/ 

AI2O3 


DO 


NaMgMnPdTi-RhPt- 

0.01Nd/AUOo 


70 




L 1 IN a i\ M n r Q -ia n r^i-u . IN a/ 

AI203 


O 1 


NaMgMnPdTi-RhPt- 
0.2Nd/Al2O3 


82 


20 


LiNaKMnPd-RhPt-0 2Nd/ 

AI2O3 


93 


NaMgMnPdTi-RhPt- 
0.2Nd/Al2O3 


91 91 




LiNaKMnPd-RhPt-0.5Nd/ 
AI2O3 


84 


NaMgMnPdTi-RhPt- 
0.5Nd/Al2O3 


84 


25 


LiNaKMnPd-RhPt-0.8Nd/ 
AI2O3 


69 


NaMgMnPdti-RhPt- 
0.8Nd/Al2O3 


75 



[Example 11] 



30 [00611 the same manner as in Example 1 , catalysts were prepared by adding Cu. Co or Ni to Example Catalysts 
36 and 48 and by further changing their contents. 

(Test Results) 

35 [0062] NOx elimination efficiencies determined at 400°C according to Test Example 1 are shown in Table 12, The 
catalysts containing 0.01 to 2 parts by mole of Cu, Co or Ni in terms of metal elements had higher NOx elimination 
efficiencies than 80% at400**C» showing good NOx elimination efficiencies. 



Table 12 



40 


Catalysts 


NOx elimination efficiency 
(%). 400«C 


Catalysts 


NOx elimination efficiency 
(%). 400«C 




LiNaKMnPd-RhPt- 
O.OO5CU/AI2O3 


75 


NaMgMnPdTi-RhPt- 
O.OO5CU/AI2O3 


76 


45 


LiNaKMnPd-RhPt-0.01 Cu/ 
AI2O3 


85 


NaMgMnPdTi-RhPt- 
O.OICU/AI2O3 


82 




LiNaKMnPd-RhPt-0.1Cu/ 
AI2O3 


92 


NaMgMnPdTi-RhPt- 
O.ICU/AI2O3 


87 


50 


LiNaKMnPd-RhPt-0.2Cu/ 
AI2O3 


96 


NaMgMnPdTi-RhPt- 
O.2CU/AI2O3 


91 




LiNaKMnPd-RhPt-2Cu/ 
AI2O3 


81 


NaMgMnPdTi-RhPt-2Cu/ 
AI2O3 


83 


55 


LiNaKMnPd-RhPt-3Cu/ 
AI2O3 


70 


NaMgMnPdTi-RhPt-3Cu/ 
AI2O3 


74 



17 
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Catalysts 

, LiNaKMnPd-RhPt- 
O.OO5C0/AI2O3 

liNaKMnPd-RhPt-O.OlCo/ 
AI2O3 

LiNaKMnPd-RhPt-O.ICo/ 

AI2O3 

LIIS/aKMnPd.RhPt-0.2Co/ 
AI2O3 

LiNaKMnPd-RhPf-2Co/ 
AI2O3 

LiNaKMnPd-RhPt-3Co/ 
AI2O3 



Table 12 (conti n..o^} 

NOx elimination efficiency ' 

"71 



97 



Catalysts 



NaMgMnPdTi-RhPt- 
0.005Co/Al2O3 

N/aMgMnPdTi-RhPt. 
O.OIC0/AI2O3 



81 



77 



LiNaKMnPd-RhPt- 
0.005Ni/Al2O3 



NaMgMnPdTi-RhPt.2Co/ 
AI2O3 



NOx elimination efficiency 
(%). 400OC 



71 



88 



94 



98 



83 



71 



L.NaKMnPd-RhPt-O 01 Ni/ 
1 AI2O3 


83 


LiNaKMnPd-RhPt-OiNi/ 
AI2O3 


84 


LiNaKMnPd-RhPt-O 2Ni/ 
AI2O3 


86 


LiNaKMnPd-RfiPt-2Ni/ 1 
AI2O3 


83 


LiNaKMnPd-RhPt-3Ni/ 1 
Af203 


76 



NaMgMnPdTi-RhPt.3Co/ 
AI2O3 

NaMgMnPdTi-RhPt- 
0-005Ni/Al2O3 

NaMgMnPdTi-RhPt- 
0.01Ni/Al2O3 



NaMgMnPdTi-RhPt- 
O.INI/AI2O3 



71 



NaMgMnPdTi-RhPt- 

0.2Nli/Al2O3 

NaMgMnPdTi-RhPt.2Ni/ 
AI2O3 

NaMgMnPdTi.RhPt-3Ni/ 
AI2O3 



40 



45 



50 



55 



[Example 12] 

' aofl'ng Si to Example Catalyst48 

(Test Results) 

SOX „^ ^ ^ .«ml,,.,to";Sj°f ''«''«''«Oxe«rt„,«„„ 

^ Ta ble 13 

NOx elimination efficiency 
(%). 400<>C 



Catalysts 



LINaKMnPd-O.OOSTi- 
RhPt/Al203 

LiNaKMnPdO.OlTi.RhPt/ 
AI2O3 



LiNaKMnPd0.1Ti-RhPt/ 
AI2O3 



39 



54 



Catalysts 



NaMgMnPd0.005Ti-RhPt/ 
AI2O3 

NaMgMnPdO.OITi-RhPt/ 
AI2O3 




NOx elimination efficiency 
(%). 400«C 



43 



57 
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Table 13 


[continued) 






iNwX eiirninaiion eiTicisncy 
(%).400^C 


Catalysts 


NOx elimination efficiency 
(%), 400°C 


5 


AI203 


7Q 


NaMgMnPdO.2Ti.RhPt/ 
AI2O3 


76 




AI203 


so 


NaMgMnPd2Ti-RhPt/ 
AUO3 


51 


71/ 


AI2O3 


HO 


NaMgMnPd3Ti-RhPt/ 
AI2O3 


34 




LiNaKMnPriO OO'^c^Lpkp*/ 




NaMgMnPd0.005Si-RhPt/ 
AUOo 


41 


15 


1 iN;?KMnPrin ni<^LRhPf/ 

AI2O3 




NaMgMnPd0.01Si-RhPt/ 

AUOo 


54 




i_ii>icir\ivi 1 ir^uw. ioi~r\iir^u 

AI2O3 


7fl 
f \J 


NaMgMnPdO.ISi-RhPt/ 

AI2O3 


62 


20 


LiNaKMnPcl0.2Si-RhPt/ 
AI2O3 


62 


NaMgMnPd0.2Si-RhPt/ 
AI2O3 


60 




LiNaKMnPc(2Si-RhPt/ 
AI2O3 


53 


NaMgMnPd2Si-RhPt/ 
AI203 


56 


25 


LiNaKMnPd3Si-RhPt/ 
AI2O3 


39 


NaMgMnPd3Si-RhPt/ 
AI2O3 


39 



[Example 13] 



30 [0065] In the same manner as in Example 1, catalysts were prepared by changing P and B contents of Example 
Catalysts 70 and 71 . Test was the same as in Test Example 2. 



(Test Results) 

35 [0066] NOx elimination efficiencies determined at 500°C according to Test Example 2 are shown in Table 14, The 
catalyst containing 0.01 to 2 parts by mole of supported P or B in terms of elements on the basis of 1.5 parts by mole 
of alumina had higher NOx elimination efficiencies than 80% at 500°C after heating at 800°C for 5 hours, showing 
good NOx elimination efficiencies. 

40 Table 14 



Catalysts 


NOx elimination efficiency 
{%).400**C 


Catalysts 


NOx elimination efficiency 
(%). 400-C 


LiNaKMnPdTiO.OIP- 
RhR-Ce/Al203 


95 


LINaKMnPdTiO.OIB- 
RhPt-Ce/Al203 


95 


LiNaKMnPdTiP-RhPt-Ce/ 
AI2O3 


92 


LiNaKMnPdTilB- 
RhPt-Ce/Al203 


88 


LiNaKMnPdTi2P- 
RhPt-Ce/AljOa 


86 


LiNaKMnPdTi2B- 
RhPt-Ce/Al203 


81 


LiNaKMnPdTi3P- 
RhPt-Ce/Al203 


73 


LiNaKMnPdTi3B- 
RhPt-Ce/Al203 


71 



[Example 14] 

[0067] In the same manner as in Example 1 , catalysts were prepared by changing only amounts of coating per £ of 
the honeycomb in Example Catalysts 36 and 48 without changing amounts of other supported components on AI2O3. 
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400 C. showing nqx ^M,^'^'^ *tO, h.d high,, NQx 



Table 15 



10 



15 



20 



25 




30 



[Example 15] 

Of the combustion 

(Test Results) 



4(? 



45 



50 



Example Catalyst 36 



55 



catalyst not provided 



Table 16 



^3^6 eliminatib^r^i^j^jijr^^ f ^ 

400-C ^ elimination efficiency {%). 4 00-C 



93 



fft alyst provided ups tream 



94 



98 



99 



Example Catalyst 48 



99 



100 



catalyst not pr ovided 
.ffgiyst provided upstream 



elimination efficiency (%) 
400»C 



92 



99 



Cdeiimination efficiency {%), 400»C 



94 



97 
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Table 16 (continued) 





Example Catalyst 48 


CsHg elimination efficiency (%), 


CO elimination efficiency (%), 400*C 






400*'C 




5 


Hydrocarbon and CO combustion 


99 


100 




catalyst provided downstream 







10 



[0071] As described in detail above, nitrogen oxides can be eliminated with high efficiency in an oxygen excess 
atmosphere according to the present invention. The present catalyst has distinguished heat resistance and SOx re- 
sistance, so that a high elimination activity can be maintained for a long time. 



Industrial Applicability 



[0072] Automobile exhaust gases are now on a trend toward global emission regulation and fuel economy regulation 
and it is expectable that the market for lean-burn automobiles will surely expand. For the automobile exhaust gas 
purification catalysts, ternary catalysts have been so far used, but have failed to eliminate NOx contained in the exhaust 
gases emitted from lean-burn automobiles. The present exhaust gas purification catalyst can eliminate NOx contained 
in the exhaust gases emitted from the lean-burn automobiles with high elimination efficiency and ensures a very high 
industrial applicability. 



Claims 



1. An internal combustion engine exhaust gas purification apparatus, which comprises an exhaust gas purification 
catalyst provided in an internal combustion engine exhaust gas passage through which an air/fuel ratio-lean ex- 
haust gas and an air/fuel ratio-rich or stoichiometric exhaust gas flows, characterized in that the exhaust gas 
purification catalyst comprises a porous carrier and an active component supported on the porous carrier, the 
active component comprising at least one member selected from Rh, Pt and Pd, at least one member selected 
from alkali metals and alkaline earth metals, and Mn. 

2. An intemal combustion engine exhaust gas purification apparatus according to Claim 1 . characterized In that the 
active component further contains at least one of Ti and Si. 



3. An internal combustion engine exhaust gas purification apparatus according to Claim 1 . characterized in that the 
active component further contains at least one of Cu, Co and Ni. 



4. An internal combustion engine exhaust gas purification apparatus according to Claim 1 , characterized in that the 
active component further contains at least one of rare earth metals. 

5. An internal combustion engine exhaust gas purification apparatus according to Claim 1 . characterized in that the 
active component further contains at least one of P and B. 



6. An internal combustion engine exhaust gas purification apparatus according to claim 1, characterized in that a 

combustion catalyst capable of combusting HC and CO contained in the exhaust gas is provided at least at one 
of position upstream and downstream of the exhaust gas purification catalyst in the exhaust gas passage. 



7. An internal combustion engine exhaust gas purification process, which comprises contacting an exhaust gas emit- 
ted from a lean-bum operated intemal combustion engine with an exhaust gas purification catalyst, thereby puri- 
fying the exhaust gas, characterized in that the exhaust gas is contacted with a catalyst comprising at least one 
member selected from Rh, Pt and Pd. at least one member selected from alkali metals and alkaline earth metals, 
and Mn. supported on a porous carrier 



8. An internal combustion engine exhaust gas purification process according to Claim 7, characterized in that op- 
eration of the internal combustion engine is temporarily shifted from the lean-bum operation to a theoretical air/ 
fuel ratio operation or a fuel excess operation, thereby bringing an air/fuel ratio of the exhaust gas into a stoichi- 
ometric or fuel-rich state to regenerate the exhaust gas purification catalyst. 
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9. An internal combustion engine exhaust gas purification process according to Claim 7. characterized in that the 

Ss^rsrcatiyi'""^ 

10. An internal combustion engine exhaust gas purification process according to Claim 7. characterized in that the 

11. A lean NOx elimination catalyst, which comprises a porous carrier and an active component supported on the 
porous carr-er characterized in that the active component comprises at least one mem'ber seleded Z Rh Pt 
and Pd, a least one member selected from alkali metals and alkaline earth metals, and Mn, amounts of supposed 
^'le o^P^O S?r^° TK° ° V '''' °' ° to 0.05 parts by mole of Pt and 0.00 to 0 2 pa^^^^ 
m f ^ ^"'^ °' ''^ ""^'^'^ «^rth metals and 0.05 to 2 parts by mole 
of Mn in terms of metal elements on the basis of 1 .5 parts by mole of the porous carrier 

of 'rh^"! a'nd Pd!""" ""^'""^ *° that the active component contains all 

e ements'on 1 basis JfiTT:' '"^71' ^' '^'"^ ° *° ^ "^^^ '-"^ - tels S^lta 

elements on the basis of 1.5 parts by mole of the porous carrier 

14. Alean NOx elimination catalyst according to Claim 11. characterized in thatthe active component further contains 
a least one of Ni. Co and Cu. amounts of supported Ni. Co and Cu being 0.01 to 2 parts by mole each^ termJ 
of metal elements on the basis of 1 .5 parts by mole of the porous carrier 

15. A lean NOx elimination catalyst according to Claim 11 . characterized in thatthe active component further contains 
at least one o rare earth metals, amounts of supported rare earth metals being 0.02 to 0.5 parts rrnl^ach in 
terms of metal elements on the basis of 1 .5 parts by mole of the porous carrier 

16. A lean NOx elimination catalyst according to Claim 11 . characterized in thatthe active component furthercontains 
a least one of P and B. amounts of supported P and B being 0.01 to 2 parts by mole each ?n terms TrnJ.^l 
elements on the basis of 1 .5 parts by mole of the porous carrier ^' 

17. A lean NOx elimination catalyst according to Claim 11. characterized in that the porous carrier is supported on 
a substrate, an amount of the supported porous carrier being 0.3 to 4 moles on the basis of 1 Jol the subSl 
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